Introduction
============

Chronic hepatitis B (CHB) is still one of the major health burdens, especially in Asian-Pacific countries.[@b1-idr-11-2179] There are about 350 million patients infected with hepatitis B virus (HBV) worldwide, including about 20 million CHB patients.[@b2-idr-11-2179],[@b3-idr-11-2179] At present, the oral nucleoside analogs (NUC) approved for the treatment of CHB include lamivudine (LAM), adefovir (ADV), telbivudine (LDT), entecavir (ETV), and tenofovir (TDF).[@b4-idr-11-2179]--[@b6-idr-11-2179] Although the current guideline suggested that hepatitis B surface antigen (HBsAg) seroconversion is the ideal endpoint for CHB treatment,[@b1-idr-11-2179] NUC has only a mild effect on HBsAg elimination, which means that NUC antiviral treatment for CHB patients takes a long time, even for a lifetime.[@b3-idr-11-2179],[@b7-idr-11-2179],[@b8-idr-11-2179]

Premature withdrawal of NUC antiviral treatment may cause virological breakthrough, HBV reactivation, and even liver failure.[@b9-idr-11-2179]--[@b11-idr-11-2179] Studies by Chotiyaputta et al found that the proportion of patients with good adherence of NUC treatment was about 55%.[@b12-idr-11-2179],[@b13-idr-11-2179] In China, due to the economic burden and medical insurance policy, the adherence of CHB is even lower.[@b7-idr-11-2179],[@b11-idr-11-2179] Premature withdrawal of NUC treatment and the poorly adherence behavior may cause virological fluctuations.[@b10-idr-11-2179],[@b12-idr-11-2179],[@b14-idr-11-2179] Screening for populations with poor adherence and timely interventions such as adherence education may improve patients' adherence and avoid adverse prognosis. However, the risk factors for poor adherence in CHB patients have not been reported before. Therefore, in this study, we dynamically observed the NUC adherence in CHB patients and explore the risk factors for poor adherence of NUC treatment. Also, we explored the virological changes in patients with poor adherence.

Subjects and methods
====================

Subjects
--------

From November 2014 to July 2017, patients with chronic HBV infection receiving NUC treatment were enrolled. The diagnostic criterion for CHB is serum HBsAg persistently positive for at least 6 months. Exclusion criteria included cirrhosis, hepatocellular carcinoma, autoimmune liver disease, decompensated liver disease, and HIV, hepatitis C and hepatitis D infections. Breakthrough is defined as an increase of serum HBV DNA \>1 log IU/mL from nadir of initial response during therapy, as confirmed 4 weeks later. Patients who had not been treated previously means that those patients were treatment naïve at the time of enrollment, and those patients started antiviral treatment from the time of enrollment. Previously treated patients mean those patients who have already received antiviral treatment, including changes to another type of NUC and maintaining NUC treatment.

Adherence calculation
---------------------

The patients' demographic data and family history were collected. NUC adherence was calculated every 12 weeks. NUC adherence = number of NUC tablets taken/number of NUC tablets prescribed. NUC adherence \>90% was defined as good performance of NUC adherence.

Data analysis
-------------

Continuous variables were expressed as mean and SD, and categorical variables were expressed as percentages. The chi-squared test or *t*-test was applied to determine whether the results were statistically different. Univariate and multivariate analyses were used to explore the factors associated with viral breakthrough and drug resistance. The statistical significance of all tests was set as *P*\<0.05 by two-tailed tests. Data analyses and quality control procedures were performed using SPSS for Windows, version 13.0 (SPSS Inc., Chicago, IL, USA).

Ethical approval
----------------

The Institutional Review Board of First Affiliated Hospital of Xiamen University had approved this study. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. All participants enrolled in this study provided written informed consent.

Results
=======

Demographic data difference by NUC adherence
--------------------------------------------

A total of 205 patients were enrolled. Among them, 128 patients were in the good performance group with adherence \>90%, while the other 77 patients were in the poor performance group. We found that NUC adherence of male patients was significantly worse than that of female patients. In addition, adherence among patients with previous NUC treatment was poorer than that of patients without previous NUC treatment ([Table 1](#t1-idr-11-2179){ref-type="table"}).

To further determine if gender and NUC treatment history influence NUC adherence, we dynamically compared the adherence changes in each subgroup. The results are shown in [Figure 1](#f1-idr-11-2179){ref-type="fig"}. We found that female patients were more compliant than male patients at 12, 24, 36, and 48 weeks treatment. Similarly, patients with previous NUC treatment had poorer adherence than patients without previous treatment at 12, 24, 36, and 48 weeks treatment.

Univariate and multivariate analyses for NUC adherence
------------------------------------------------------

Univariate and multivariate analyses were conducted to explore the independent factors associated with poor NUC adherence. Univariate analysis showed that male gender and previous NUC treatment were risk factors for poor NUC adherence in CHB patients. This result was verified in the multivariate analysis. Multivariate analysis indicated that female gender (OR =0.367, *P*=0.013) was the protective factor for NUC adherence in CHB patients, whereas pretreatment with NUC was the risk factor for NUC adherence (OR =3.209, *P*=0.002), as shown in [Table 2](#t2-idr-11-2179){ref-type="table"}.

Association between adherence with virological breakthroughs and resistance
---------------------------------------------------------------------------

Although the relationship between poor adherence and virological fluctuations has been reported, the association between poor adherence with virological breakthroughs and NUC resistance remains unclear. We explored the relationship between adherence and virological breakthroughs. We found that six patients in the good adherence group experienced virological breakthroughs after 48 weeks of NUC treatment, while 15 of 77 patients in the poor adherence group experienced virological breakthroughs. The difference was statistically significant (*P*=0.001, [Figure 2](#f2-idr-11-2179){ref-type="fig"}).

Virological breakthroughs are closely related to NUC resistance. We further analyzed the difference in the proportion of NUC resistance. The results are shown in [Figure 3](#f3-idr-11-2179){ref-type="fig"}. We found that four of 128 patients with good adherence developed NUC resistance after 48 weeks of NUC treatment, while nine of 77 patients with poor adherence developed resistance. The difference was statistically significant (*P*=0.015).

Among the four drug-resistant patients in the good adherence group, the resistance mutations were two cases of rtM204V (one case in LAM group and one in LDT group), one case of rtM204V+rtL180M (LAM group), and one case of rtA181T/V (LDT group). Among the nine drug-resistant patients in the poor adherence group, there were four cases of rtM204V (two in LAM group and two in LDT group), three cases of rtA181T/V (two in LAM group and one in LDT group), and two cases of rtM204V+rtL180M (LDT group). However, we did not find a relationship between mutation types and patients' adherence.

Risk factors associated with virological breakthroughs and NUC resistance
-------------------------------------------------------------------------

A multivariate analysis for virological breakthroughs was conducted to further validate the relationship between NUC adherence and virological breakthroughs. The results showed that age, previous treatment of NUC, different NUC treatment, and NUC adherence were risk factors associated with virological breakthroughs. Multivariate analysis suggested that only pretreatment with NUC (OR =3.133, *P*=0.031), NUC drugs (OR =3.951, *P*=0.010), and NUC adherence (OR =2.749, *P*=0.046) were independent risk factors associated with virological breakthroughs in CHB patients. The results are shown in [Table 3](#t3-idr-11-2179){ref-type="table"}.

We also performed a multivariate analysis of NUC resistance in CHB patients. As shown in [Table 4](#t4-idr-11-2179){ref-type="table"}, pretreatment with NUC, NUC drugs, and NUC adherence were factors associated with NUC resistance. However, multivariate analysis suggested that only NUC drugs (OR =7.083, *P*=0.005) and poor adherence to NUC (OR =4.951, *P*=0.009) were independent risk factors for NUC resistance.

Discussion
==========

The goal of CHB treatment is to improve the quality of life and survival rate and to reduce the incidence of cirrhosis, decompensated cirrhosis, hepatocellular carcinoma (HCC), and related mortality.[@b4-idr-11-2179],[@b14-idr-11-2179]--[@b16-idr-11-2179] The goal can be achieved by inhibiting HBV replication to reduce liver histological inflammation.[@b9-idr-11-2179],[@b17-idr-11-2179],[@b18-idr-11-2179] However, chronic HBV infection cannot be completely eradicated due to the presence of covalently closed circular DNA (cccDNA). NUC drugs can inhibit HBV replication, but cannot eliminate cccDNA.[@b7-idr-11-2179],[@b19-idr-11-2179] Therefore, the treatment period of NUC drugs is very long, and patients may need to take the drugs for a lifetime. However, many CHB patients withdraw from NUC treatment prematurely. Premature discontinuation of NUC treatment can cause a series of poor prognosis.[@b20-idr-11-2179],[@b21-idr-11-2179] Therefore, early screening of CHB patients with poor adherence improves their adherence and reduces the possibility of long-term poor prognosis. According to the results of this study, male gender and pretreatment with NUC were risk factors associated with NUC adherence. Moreover, poor NUC adherence was more likely to induce virological breakthroughs and NUC resistance.

According to the results of this study, male gender and NUC pretreatment history have an impact on drug adherence. Female patients have better performance than male patients in drug adherence, and patients with previous NUC treatment had poorer performance than patients without previous treatment. This suggests that in clinical practice, more attention should be paid to male patients and NUC-treated CHB patients. For those population, if there is a virological breakthrough, NUC adherence issue should be taken into consideration. It is necessary to give timely guidance about adherence to improve patients' compliance. Studies have reported that adherence is related to the type of NUC.[@b10-idr-11-2179],[@b13-idr-11-2179] Among the patients treated with LAM, the adherence was poor. This result was confirmed in our study. However, the reason is not clear until now. Since LAM is not a first-line NUC, it is not recommended for CHB patients for antiviral treatment in recent years. However, there are still some CHB patients who continue to use LAM for antiviral treatment. This may be because these patients do not often go back to the hospital for follow-up, or due to the financial burden, they cannot afford to switch to first-line NUC. It is still not known why this type of NUC is related to adherence. This is a question worthy of further investigation.

Available CHB guidelines suggest that patients can be considered for drug withdrawal after HBsAg seroconversion.[@b1-idr-11-2179],[@b6-idr-11-2179] However, studies reported that the decrease of HBsAg level during NUC antiviral therapy is very slow and that some CHB patients need to take NUC for life.[@b22-idr-11-2179]--[@b24-idr-11-2179] It was reported that about 50%--75% patients with hypertension had good adherence and that the proportion of hyperlipidemia patients with good adherence was about 70%--94%.[@b25-idr-11-2179]--[@b29-idr-11-2179] However, the proportion of CHB patients with good adherence was low.[@b10-idr-11-2179],[@b11-idr-11-2179] Lack of knowledge of CHB may be one of the reasons for poor adherence in CHB patients compared to patients with hypertension and hyperlipidemia. Improving patients' knowledge of CHB may improve NUC adherence in CHB patients. In this study, patients enrolled had relatively high adherence because all patients were informed to report their NUC adherence information. In clinical practice, CHB patients may have even lower NUC adherence. In China, many patients do not know much about the disease of CHB, which leads them to discontinue NUC treatment prematurely.[@b7-idr-11-2179] Therefore, necessary health services as adherence interventions, including adherence education, public health lecture, and close monitoring of adherence, etc. Especially for high-risk population with poor adherence, timely adherence education is necessary.

This study found that previous NUC treatment, different NUC drugs, and poor NUC adherence are independent risk factors for virological breakthrough, and different NUC drugs and poor NUC adherence are risk factors for virological resistance. Previous studies showed that pretreatment with NUC may result in a reduction in the resistance barrier for subsequent treatment.[@b3-idr-11-2179],[@b9-idr-11-2179] Patients treated with LAM will reduce the resistance barrier of ETV.[@b9-idr-11-2179] It is well established that the resistance barriers of LAM and LDT are significantly lower than those of ETV and TDF.[@b6-idr-11-2179] We confirmed in previous reports that CHB patients treated with LAM and LDT are more likely to develop NUC resistance than ETV and TDF treatment. We also found that poor NUC adherence can also lead to virological breakthrough and virological resistance. It is important to pay attention to the adherence of patients with CHB to reduce virological breakthrough and NUC resistance. Some factors such as income, instruction level, and urban/rural dwelling may affect the NUC adherence. However, these factors were not included in the study because of the sample size of the study is relatively small. Majority of patients are low-income and low-educated patients in China. A clinical trial with large sample is needed to analyze the relationship between social parameters and adherence.

There are some limitations in this study. This study was a single-center study. The follow-up period was only 48 weeks. In addition, the sample size of this study is relatively small, so the results may be biased. The importance of adherence education and the effects of adherence on the long-term prognosis of CHB patients (such as cirrhosis, HCC incidence) also need to be confirmed by prospective large-scale multicenter clinical studies.
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![The effect of gender and NUC treatment history on NUC adherence.\
**Notes:** (**A**) Female patients were more compliant than male patients at 12 weeks (0.995±0.01 vs 0.987±0.03), 24 weeks (0.992±0.02 vs 0.981±0.03), 36 weeks (0.987±0.02 vs 0.980±0.04), and 48 weeks (0.996±0.02 vs 0.985±0.04) treatment. (**B**) Similarly, patients with previous NUC treatment had poorer adherence than patients without previous treatment at 12 weeks (0.992±0.015 vs 0.976±0.045), 24 weeks (0.985±0.032 vs 0.978±0.029), 36 weeks (0.983±0.035 vs 0.975±0.034), and 48 weeks (0.989±0.036 vs 0.978±0.031) treatment.\
**Abbreviation:** NUC, nucleos(t)ide analog.](idr-11-2179Fig1){#f1-idr-11-2179}

![The effect of NUC adherence on viral breakthrough.\
**Notes:** A total of six of 128 patients in the good adherence group experienced virological breakthroughs after 48 weeks of NUC treatment, while 15 of 77 patients in the poor adherence group experienced virological breakthroughs (*P*=0.001).\
**Abbreviation:** NUC, nucleos(t)ide analog.](idr-11-2179Fig2){#f2-idr-11-2179}

![The effect of NUC adherence on viral NUC resistance.\
**Notes:** A total of four from 128 patients with good adherence developed NUC resistance after 48 weeks of NUC treatment, while nine of 77 patients with poor adherence developed resistance. The difference was statistically significant (*P*=0.015).\
**Abbreviation:** NUC, nucleos(t)ide analog.](idr-11-2179Fig3){#f3-idr-11-2179}

###### 

Clinical characteristics of CHB patients with different adherence to NUC

  Variables                  Adherence to NUC   *P*-value    
  -------------------------- ------------------ ------------ ---------
                                                             
  Sample size                128                77           
  Age, years                 28.93±7.28         27.91±7.53   0.339
  Gender                                                     0.009
   Male                      91 (71.1%)         67 (87.0%)   
   Female                    37 (28.9%)         10 (13.0%)   
  History of NUC treatment                                   0.002
   Yes                       15 (11.7%)         22 (28.6%)   
   No                        113 (88.3%)        55 (71.4%)   
  HBeAg status                                               0.765
   Positive                  89 (69.5%)         52 (67.5%)   
   Negative                  39 (30.5%)         25 (32.5%)   
  Family history                                             0.647
   Yes                       64 (50.0%)         35 (46.7%)   
   No                        64 (50.0%)         40 (53.3%)   
  NUC treatment                                              \<0.001
   LAM                       7 (5.5%)           13 (16.9%)   
   LDT                       39 (30.5%)         31 (40.3%)   
   TDF                       50 (39.1%)         11 (14.3%)   
   ETV                       32 (25.0%)         22 (28.6%)   

**Abbreviations:** CHB, chronic hepatitis B; ETV, entecavir; HBeAg, hepatitis B virus e antigen; LAM, lamivudine; LDT, telbivudine; NUC, nucleos(t)ide analog; TDF, tenofovir.

###### 

Univariate and multivariate analyses of variables for poor adherence

  Variables                  Univariate analysis   Multivariate analysis                                  
  -------------------------- --------------------- ----------------------- ------- ------- -------------- -------
                                                                                                          
  Age                        0.981                 0.943--1.020            0.338                          
  Sex                        0.367                 0.171--0.790            0.010   0.367   0.167--0.808   0.013
  History of NUC treatment   3.013                 1.451--6.260            0.003   3.209   1.517--6.792   0.002
  HBeAg status               1.097                 0.598--2.014            0.765                          
  Family history             1.143                 0.646--2.023            0.647                          
  NUC treatment              0.940                 0.697--1.268            0.687                          

**Abbreviations:** HBeAg, hepatitis B virus e antigen; NUC, nucleos(t)ide analog.

###### 

Univariate and multivariate analyses of variables for viral breakthrough

  Variables                  Univariate analysis   Multivariate analysis                                  
  -------------------------- --------------------- ----------------------- ------- ------- -------------- -------
                                                                                                          
  Age                        1.059                 1.003--1.118            0.038                          
  Sex                        1.371                 0.501--3.755            0.539                          
  History of NUC treatment   5.354                 2.073--13.82            0.001   3.133   1.108--8.854   0.031
  HBeAg status               1.343                 0.835--2.161            0.224                          
  Family history             1.305                 0.524--3.245            0.567                          
  NUC treatment              4.919                 1.819--13.30            0.002   3.951   1.382--11.31   0.010
  Adherence to NUC           3.436                 1.367--8.636            0.009   2.749   1.020--7.405   0.046

**Abbreviations:** HBeAg, hepatitis B virus e antigen; NUC, nucleos(t)ide analog.

###### 

Univariate and multivariate analyses of variables for NUC resistance

  Variables                  Univariate analysis   Multivariate analysis                                  
  -------------------------- --------------------- ----------------------- ------- ------- -------------- -------
                                                                                                          
  Age                        1.056                 0.988--1.128            0.107                          
  Sex                        2.195                 0.683--7.054            0.187                          
  History of NUC treatment   4.103                 1.218--13.82            0.023                          
  HBeAg status               1.566                 0.861--2.848            0.142                          
  Family history             2.250                 0.670--7.555            0.189                          
  NUC treatment              6.378                 2.004--20.30            0.002   7.083   1.828--27.44   0.005
  Adherence to NUC           8.642                 2.291--32.61            0.001   4.951   1.480--16.57   0.009

**Abbreviations:** HBeAg, hepatitis B virus e antigen; NUC, nucleos(t)ide analog.
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